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CLA1MS: 

1 . A method of crosslinking a first and a second moiety 
comprising the steps of: 

5 attaching a metal ligand to the first moiety; 

attaching a metal ligand to the second moiety; 
adding a metal ion to form a coordination complex between the first 
moiety and the second moiety; which in the presence of an oxidizing agent leads to 
the formation of at least one covalent crosslink between phenolic groups or phenolic 
10 derivatives attached to each of the first and second moieties. 

2. The method of claim 1 , wherein the coordination complex 
actives the oxidizing agent. 

3. The method of claim 1, wherein the oxidizing agent is activated 
by a metalloenzyme. 

15 4. The method of claim 3, wherein the metalloenzyme is selected 

from the group consisting of a peroxidase, a tyrosinase, a laccase, and a catechol 
oxidase. 

5. The method of claim 4 wherein the peroxidase is horseradish 

peroxidase. 

20 6. The method of claim 1, wherein the oxidizing agent is 

generated electrochemically at a surface of an electrode. 

7. Hie method of claim 1, wherein the phenolic groups or 

phenolic derivatives are each selected from the group consisting of tyrosine, 

dihydroxyphenylalanine, and polyphenolic compounds. 
25 8. The method of claim 1, wherein the second moiety comprises 

at least one phenolic group positioned such that in the coordination complex the 

phenolic group is located between 1 and 100 angstroms from the metal ion. 

9. The method of claim 1, wherein the first moiety comprises at 
least one phenolic group positioned such that in the coordination complex the 

30 phenolic group is located between 1 and 100 angstroms from the metal ion. 

10. The method of claim 9, wherein the phenolic group is a 
tyrosine residue located on the first moeity. 
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1 1 . The method of claim 9, wherein the phenolic group is a 
tyrosine residue located within the metal ligand on the first moiety and positioned 
such that in the coordination complex the tyrosine is located between the metal ion 
and the first polymer. 

5 12. The method of claim 1 , wherein the covalent crosslink is a 

substituted phenolic adduct. 

13. The method of claim 1, wherein the covalent crosslink is 
formed by a chemical bond between the phenolic group or phenolic derivative on the 
first moiety and the phenolic group or phenolic derivative on the second moiety. 
10 14. The method of claim 1, wherein the covalent crosslink is 

dityrosine and isomers thereof. 

15. The method of claim 1, wherein the first moiety and second 
moiety are both polymers. 

16. The method of claim 15, wherein the first moiety and second 
15 moiety are both biopolymers. 

17. The method of claim 15, wherein the first moiety and second 
moiety are both synthetic polymers. 

18. The method of claim 15, wherein the first moiety is a 
biopolymer and the second moiety is a synthetic polymer. 

20 19. The method of claim 1, wherein at least one of the first and 

second moieties is a biopolymer selected from the group consisting of protein, 
polysaccharide, poly-nucleic acid, lipid, and combinations thereof. 

20. The method of claim 1, wherein at least one of the first and 
second moieties is a synthetic polymer selected from the group consisting of 

25 polyethylene glycol, polypropylene glycol, polyesters, and polyethylene glycol and 
polypropylene glycol block copolymers. 

21. The method of claim 1, wherein the first moiety is a polymer 
and the second moiety is a small molecule. 

22. The method of claim 21, wherein the small molecule has a 
30 molecular weight from 50 g/mol to 800 g/mol. 

23. The method of claim 21, wherein the small molecule is an 
oligomer with a degree of polymerization from 1 to 10. 
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24. The method of claim 21, wherein the small molecule is 
comprised of epitope labels or fluorophores. 

25 . The method of claim 21 , wherein the small molecule is selected 
from the group consisting of digoxigenin, biotin, fluorescein, rhodamine, CY-3, CY- 

5 5, and derivatives thereof. 

26. The method of claim 1, wherein one of the first and second 
moieties is attached to a solid surface. 

27. The method of claim 26, wherein the solid surface is selected 
from the group consisting of a polymer, a metal, a ceramic, a composite, a 

10 biopolymer, a bioceramic, and a colloidal particle. 

28. The method of claim 27, wherein the solid surface is a metal 
and is coated with a polymer. 

29. The method of claim 27, wherein the solid surface is a colloidal 
particle and the colloidal particle is composed of a material selected from the group 

15 consisting of gold, silver, silica, semiconductors, fluorescent semiconductors, 
polystyrene, polymeric micelles, dendrimers, liposomes, and viruses. 

30. The method of claim 27, wherein the surface is a colloidal gold 
particle and the colloidal particle has a diameter of from 1 nm to 100 jxM. 

3 1 . The method of claim 1 , wherein both the first and second 
20 moieties are attached to a solid surface. 

32. The method of claim 31, wherein the first and second moieties 
are attached to different solid surfaces and the crosslinking is used to adhere two 
solids. 

33. The method of claim 32, wherein the two solid surfaces are 
25 biological tissues. 

34. The method of claim 32, wherein each of the solid surfaces are 
independently selected from the group consisting of polymers, metals, ceramics, 
composites, biopolymers, bioceramics, colloidal particles, and combinations thereof. 

35. The method of claim 34, wherein at least one of the solid 
30 surfaces is a colloidal particle, and the colloidal particle is composed of a material 

selected from the group consisting of gold, silver, silica, semiconductors, fluorescent 
semiconductors, polystyrene, polymeric micelles, dendrimers, liposomes, and viruses. 



WO 2005/019421 



PCTYUS2004/025958 



-20- 

36. The method of claim 35, wherein the colloidal particle has a 
diameter from 1 nm to 100 /xM. 

37. The method of claim 1, wherein at least one of the first moiety 
and the second moiety is biodegradable. 

5 38. The method of claim 1, wherein at least one of the first moiety 

and the second moiety contains a therapeutic agent. 

39. The method of claim 38, wherein the therapeutic agent is a 

protein. 

40. Hie method of claim 1, wherein the first moiety is an HY- tag. 
10 41 . The method of claim 40, wherein the first moiety contains 

plurality of tyrosine residues interdispersed through out the HY-tag. 

42. The method of claim 40, wherein the HY-tag comprises a 
plurality of histidine residues. 

43. The method of claim 1, wherein the metal ion is selected from 
15 the group consisting of nickel, copper, zinc, and cobalt, gadolinium, iron, osmium, 

palladium, rhodium, ruthenium, samarium, selenium, silver, strontium, tantalum, 
thulium, tin, tungsten, vanadium, yttrium, and zinc. 

44. The method of claim 43, wherein more than one metal ion is 
present in the coordination complex. 

20 45. A method of crosslinking a first and a second protein 

comprising the steps of: 

attaching a first HY-tag to a first protein; 
attaching a second HY-tag to a second protein; 
creating a coordination complex between the first protein, the second 
25 protein, and a metal ion; and 

crosslinking the first and second proteins at or adjacent to the HY-tags 
by exposing the coordination complex to an oxidizing agent to form a covalent 
crosslink. 

46. The method of claim 45, wherein the coordination complex is 
30 catalytic or redox active. 

47. The method of claim 45, wherein the oxidizing agent is a mild 
oxidizing agent and crosslinking occurs without significant non-specific crosslinking. 
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48. The method of claim 47, wherein the oxidizing agent is 
provided as Na2SC>3. 

49. The method of claim 45, wherein the oxidizing agent is a 

peroxide. 

5 50. The method of claim 49, wherein the peroxide is H 2 0 2 . 

5 1 . The method of claim 47, wherein the oxidizing agent is O2. 

52. The method of claim 45, wherein the first and second HY-tags 
each comprise a tyrosine residue located between a plurality of histidine residues and 
the protein. 

10 53. The method of claim 53, wherein the covalent crosslink is a 

substituted dityrosine. 

54. A method of conjugating a protein with a synthetic polymer 
comprising the steps of: 

attaching a metal-binding peptide to a selected protein; 
15 attaching a second ligand to a selected polymer; 

forming a coordination complex between the protein, the polymer, and 
a metal ion; and 

crosslinking the protein and polymer by exposing the coordination 
complex to an oxidizing agent. 
20 55. The method of claim 54, wherein the coordination complex is 

redox active. 

56. The method of claim 54, wherein the polymer is a synthetic 

polymer. 

57. The method of claim 54, wherein the polymer is polyethylene 

25 glycol. 

58. The method of claim 54, wherein the metal ion is selected from 
the group consisting of nickel, copper, zinc, and cobalt. 

59. The method of claim 54, wherein the oxidizing agent is Na2S03 

or O2. 

30 60. The method of claim 54, wherein the oxidizing agent is a 

peroxide. 

61 . The method of claim 58, wherein the oxidizing agent is H2O2. 
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62. The method of claim 54, wherein the oxidizing agent is a mild 
oxidizing agent and crosslinking occurs without significant non-specific crosslinking. 

63. The method of claim 54, wherein one of the metal-binding 
peptide is a HY-tag and the second ligand is a synthetic chelator. 

5 64. A method of immobilizing a protein on a polymer surface 

under conditions that preserve protein structure and activity, comprising the steps of: 

modifying a polymeric surface such that the polymeric surface 
comprises a synthetic ligand; 

attaching a metal-binding peptide to a protein; 
10 forming a coordination complex between the polymeric surface, the 

protein, and a metal ion; and 

immobilizing the protein to the polymeric surface by exposing the 
coordination complex to an oxidizing agent, thus causing the crosslinking of the 
polymer and the protein. 
15 65. The method of claim 64, wherein the polymer surface is further 

comprised of a synthetic polymer. 

66. The method of claim 64, wherein the polymer is polyethylene 

glycol. 

67. The method of claim 64, wherein the metal ion is selected from 
20 the group consisting of nickel, copper, zinc, and cobalt, gadolinium, iron, osmium, 

palladium, rhodium, ruthenium, samarium, selenium, silver, strontium, tantalum, 
thulium, tin, tungsten, vanadium, yttrium, and zinc. 

68. The method of claim 64, wherein the oxidizing agent is a mild 
oxidating agent. 

25 69. The method of claim 64, wherein the metal-binding peptide is a 

HY-tag. 

70. A crosslinked polymer material produced by crosslinking a 
polymer having a synthetically-placed chelator in a mixture comprising the polymer, 
a metal, and an oxidant. 
30 71 . The crosslinked polymer material of claim 70, wherein the 

polymer is a protein. 
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72. The crosslinked polymer material of claim 71, wherein the 
synthetically-placed chelator is a HY-tag. 

73. The crosslinked polymer material of claim 72, wherein the 
protein comprises two HY-tags and the protein is polymerized by the crosslinking. 

5 74. The crosslinked polymer material of claim 71, wherein the 

mixture further comprises a synthetic polymer comprising a chelator, and wherein the 
synthetic polymer is crosslinked to the protein. 

75. The crosslinked polymer material of claim 70, wherein the 
mixture comprises a plurality of identical polymers each having the synthetically- 

1 0 placed chelator. 

76. The crosslinked polymer material of claim 70, wherein the 
mixture comprises a second polymer having a synthetically-placed chelator, the 
second polymer being different from the first polymer and crosslinked thereto. 

77. The crosslinked polymer material of claim 76, wherein the 
15 polymer is a protein and the second polymer is a synthetic polymer. 

78. The crosslinked polymer material of claim 77, wherein the 
second polymer is a polymeric surface. 

79. The crosslinked polymer material of claim 70 wherein the 
oxidant is a mild oxidant. 
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